We have previously demonstrated behaviorally conditioned immunosuppression using cyclosporin A as an unconditioned stimulus and saccharin as a conditioned stimulus. In the current study, we examined the central processing of this phenomenon generating excitotoxic lesions before and after acquisition to discriminate between learning and memory processes. Three different brain areas were analyzed: insular cortex (IC), amygdala (Am), and ventromedial nucleus of the hypothalamus (VMH). The results demonstrate that IC lesions performed before and after acquisition disrupted the behavioral component of the conditioned response (taste aversion). In contrast, Am and VMH lesions did not affect conditioned taste aversion. The behaviorally conditioned suppression of splenocyte proliferation and cytokine production (interleukin-2 and interferon-␥) was differentially affected by the excitotoxic lesions, showing that the IC is essential to acquire and evoke this conditioned response of the immune system. In contrast, the Am seems to mediate the input of visceral information necessary at the acquisition time, whereas the VMH appears to participate within the output pathway to the immune system necessary to evoke the behavioral conditioned immune response. The present data reveal relevant neural mechanisms underlying the learning and memory processes of behaviorally conditioned immunosuppression.
Introduction
Experimental evidence demonstrates bidirectional communication among the nervous, the endocrine, and the immune systems (Elmquist et al., 1997; Dantzer et al., 2000; Tracey, 2002) . One of the most exquisite examples of brain-immune interactions is the behavioral conditioning of immune functions. The conditioning of both cellular and humoral immune responses has been well documented (Ader and Cohen, 2000; Exton et al., 2001) . However, to date, little advance has been made to understand the central processing underlying the conditioning of immune functions.
We have developed a conditioning model to reenlist specific immune changes produced by administration of the immunosuppressive drug cyclosporin A (CsA) (Exton et al., 2000b (Exton et al., , 2001 . Our approach involves the pairing of a novel taste [saccharin (Sac)] as the conditioned stimulus (CS) with CsA as the unconditioned stimulus (UCS). When the CS is represented, animals develop a conditioned taste aversion (CTA) (Garcia et al., 1985) . Concomitantly, these animals present a suppression of the lymphocyte responsiveness mimicking the immunosuppressive effects of CsA, also reflected at interleukin-2 (IL-2) and interferon-␥ (IFN-␥) mRNA expression and synthesis (Exton et al., 1998b (Exton et al., ,c, 2000a . Of note, conditioned effects on the immune system are clinically relevant, because a significant prolongation of allograft survival (Exton et al., 1998a) and reduced delayedtype hypersensitivity response have been reported (Exton et al., 2000a) . Importantly, we previously revealed that behaviorally conditioned immunosuppression is not related to hypothalamicpituitary-adrenal axis activation and is merely mediated via neural innervation of the spleen, via noradrenalin-and ␤-adrenoceptordependent mechanisms (Exton et al., 1999 (Exton et al., , 2002 .
Thus far, however, only a limited number of studies have attempted to analyze the central mechanisms responsible for the conditioning of immune functions (Ramírez-Amaya et al., 1996 Hsueh et al., 1999 Hsueh et al., , 2002 Ramírez-Amaya and Bermú dezRattoni, 1999; Kuo et al., 2001; Chen et al., 2004) . Apart from these observations, no systematic approach has been undertaken to elucidate the neural processes underlying conditioning of immune functions. The CTA is a model to study associative learning processes (Berman and Dudai, 2001; Bermú dez-Rattoni, 2004) , and it is known to involve a basic neural circuit that includes the nucleus tractus solitari (NTS), parabrachial nucleus (PBN), medial thalamus, amygdala (Am), and insular cortex (IC) (Yamamoto et al., 1994b; Sewards, 2004) . In particular, the IC is essential for the acquisition and retention of this associative learning (Bermú dez-Rattoni and McGaugh, 1991; Cubero et al., 1999) , and it has been postulated that the IC may integrate gustatory and visceral stimuli (Sewards and Sewards, 2001 ). Moreover, the Am seems to play an important role during formation of CTA (Sewards, 2004) , being also relevant for limbic-autonomic interactions (Swanson and Petrovich, 1998) . Additionally, the ventromedial nucleus of the hypothalamus (VMH), widely recognized as a satiety center (Vettor et al., 2002) , has been proposed to be intimately associated with sympathetic facilitation in peripheral tissues (Saito et al., 1989) including modulation of peripheral immune reactivity (Okamoto et al., 1996) .
Thus, given the anatomical and functional relationships among the IC, Am, and VMH, we decided to analyze the role of these brain structures on the learning and memory phases in the Sac-CsA conditioning. Independent experiments were performed for each brain structure, in which excitotoxic lesions were performed before or after the acquisition phase to discriminate between learning and memory processes (see Fig. 1 ). Surgical and behavioral-appropriate controls were included. At the evocation time, the conditioned response was evaluated at behavioral (CTA) and immunological (splenic T-lymphocyte proliferation and cytokine production) levels.
Materials and Methods
Animals. Male dark agouti rats (Harlan Laboratories, Borchen, Germany), weighing 220 -250 g at the start of the experiments, were housed individually on an inverted 12 h light/dark schedule (lights on at 7:00 A.M.) with food available ad libitum. Water was available ad libitum, except during the water deprivation regimen. All experimental protocols were performed according to the guidelines of the Institutional Animal Care and the Approval Committees of the Medical Faculty of the University of Duisburg-Essen.
Experimental design. Three independent experiments were performed for each brain structure analyzed: IC, VMH, and Am. Animals were excitotoxically lesioned (n ϭ 8, after excluding animals with incorrect placed lesions) or sham lesioned (n ϭ 8) in the target brain structure at two different time points: before (time point 1, day Ϫ4) or after (time point 2, day 12) the acquisition phase of the conditioning protocol took place (Fig. 1) . Three additional control groups (n ϭ 8), not receiving any surgical treatment, were included in each experiment: noncontingent conditioned (main conditioning control), CsA treated (pharmacological immunosuppressive control), and untreated (to control handling, stress, and water deprivation regimen effects). Moreover, three additional experiments were performed to control the effects on the basal immune functions of the lesion per se, in which animals (n ϭ 4) were surgically manipulated as the groups described above without being conditioned (Fig. 1) . These animals were killed 27 (from time point 1) and 11 (from time point 2) days after surgery corresponding to the two lesioning time points in the conditioning experiments.
Conditioning protocol. All animals followed a water deprivation regimen (days 0 -12 and 17-23) consisting of morning (8:00 A.M.) and afternoon (5:00 P.M.) drinking sessions (15 min) each day (Fig. 1) . During acquisition (days 5, 8, and 11), the conditioned animals received 0.2% Sac solution as the CS, paired with intraperitoneal injections of 20 mg/kg body weight (b.w.) CsA (LC Laboratories-PKC Pharmaceuticals, Woburn, MA) as the UCS in the morning sessions. In the afternoon sessions, the animals received water paired with an intraperitoneal injection of PBS. The noncontingent conditioned (n ϭ 8) and CsA (n ϭ 8) groups were exposed to water paired with CsA in the morning and Sac together with PBS injections in the afternoon during acquisition. The evocation phase was performed on days 21-23, when conditioned animals were exposed to Sac during each morning session and were allowed to drink water in the afternoon sessions. The noncontingent conditioned group was exposed to water during each morning session and exposed to Sac during afternoon sessions. The CsA group received water and intraperitoneal CsA injections during the morning sessions and Sac each afternoon session. Untreated animals (n ϭ 8) remained unmanipulated just following the same water deprivation regimen. Based on our previous experience with this established model of behavioral conditioned immunosuppression (Exton et al., 1998b (Exton et al., , 2000b (Exton et al., , 2001 , we decided to look for the conditioned immune response after the third evocation trial (day 23); one hour after the animals were deeply anesthetized (isoflurane; CuraMED, Karlsruhe, Germany), the spleens were removed for analysis of lymphocyte proliferation and cytokine production, the brain was removed for histological analysis of the excitotoxic lesions, and blood was withdrawn for differential white blood cell (WBC) counts and flow cytometry analysis.
Brain lesions. Animals were anesthetized by intraperitoneal injection of ketamine (0.7 mg/kg b.w.) and xylazine (0.3 mg/kg b.w.). Stereotactic microinjections were performed using Hamilton microsyringes attached to a stereotactic apparatus (David Kopf Instruments, Tujunga, CA) to apply bilateral injections of NMDA solution (10 mg/ml dissolved in 0.1 M sterile phosphate buffer, pH 7.4; Sigma, St. Louis, MO) into the IC [0.8 l; coordinates relative to bregma: anteroposterior (AP), ϩ1.2; dorsoventral (DV), Ϫ5.5; lateral (L), Ϯ5.5] and into the Am (0.6 l; coordinates relative to bregma: AP, Ϫ2.5; DV, Ϫ8.2; L, Ϯ5.0). A predominant role of non-NMDA receptors within the VMH in sympathetic facilitation in peripheral tissues has been proved (Narita et al., 1994) . Thus, kainic acid (KA; 4.69 mg/ml dissolved in 0.9% sterile NaCl solution; Sigma) was chosen as a neurotoxin to be microinjected into the VMH (1.0 l; coordinates relative to bregma: AP, Ϫ2.8; DV, Ϫ9.5; L, Ϯ0.6). Sham-lesioned animals followed the same surgical treatment as the lesioned animals but just received vehicle microinjections (IC and Am, 0.1 M sterile phosphate buffer, pH 7.4; VMH, 0.9% sterile NaCl solution). Stereotactic coordinates were obtained from a rat brain stereotactic atlas (Paxinos and Watson, 1998) .
Histology. At experimental day 23, all animals were deeply anesthetized (isoflurane), and after the spleen was removed, surgical-treated animals were perfused intracardially with PBS, followed by 4% paraformaldehyde (Sigma). The brains were then removed and fixed first in paraformaldehyde for 24 h, then in 30% sucrose until slicing. The brains were cut on a frozen microtome at a thickness of 40 m, stained with the standard cresyl violet staining, and analyzed to assess the extent of the lesion using a light microscope (Carl Zeiss, Oberkochen, Germany).
Lymphocyte proliferation assay. Spleen lymphocytes were released from tissue by injecting cell culture medium into the spleen. Cells were washed several times in PBS, pH 7.2, and adjusted to a concentration of 1 ϫ 10 6 cells/ml. The cells were then cultured for 72 h with or without mitogenic stimulation (1.25 g/ml concanavalin A; Sigma) at 37°C in a 5% CO 2 atmosphere. After 48 h of incubation, the cells were pulsed with 20 l/ Figure 1 . Experimental design. The conditioned groups followed the same fluid restriction protocol consisting of access to fluid consumption in two 15 min sessions (8:00 A.M. and 5:00 P.M.) each day (continuous lines). Water was available ad libitum and is plotted as dashed lines. Three acquisition trials (days 5, 8, and 11) were performed pairing Sac and intraperitoneal CsA injections for the conditioned groups (lesion and sham). The noncontingent conditioned group was exposed to the same stimuli but inversed in order and separated by 9 h. At evocation tests (days 21-23), the conditioned animals were exposed to Sac taste, whereas the noncontingent conditioned animals received water with a subsequent Sac exposition 9 h later. The CsA-treated group just received intraperitoneal CsA injections at all acquisition and evocation trials. In contrast, the untreated group followed the fluid restriction plan without further manipulation. The conditioned animals were divided in lesion and sham lesion groups. Brain surgery (IC, Am, or VMH) was performed either before (time point 1, day Ϫ4) or after (time point 2, day 12) the acquisition phase.
well [
3 H]thymidine (0.5 Ci) and harvested 24 h later. Radioactivity was measured using a beta counter.
Cytokine determination. Spleen lymphocytes were incubated 24 h with mitogenic stimulation (1.25 g/ml concanavalin A; Sigma) at 37°C in a 5% CO 2 atmosphere. Supernatants from the cell cultures were collected, and IL-2 and IFN-␥ were assayed using commercial ELISA kits for the detection of rat IL-2 (Biosource, Camarillo, CA) and rat IFN-␥ (U-CyTech, Utrecht, The Netherlands). Detection limits were 5.0 pg/ml for IFN-␥ and 15.6 pg/ml for IL-2. Samples were analyzed in three different dilutions to ensure linearity of the results.
White blood cell counts. Blood samples were collected in EDTA-coated tubes and analyzed using a differential cell blood counter (Vet abc Animal Blood Counter; Scil, Abx Diagnostics, Montpellier, France).
Flow cytometry. Cell suspensions from the spleen and whole-blood samples were analyzed as described previously (Exton et al., 1998b) . Briefly, microtiter plates were pipetted with 1 ϫ 10 6 cells and then incubated with different mouse anti-rat monoclonal antibodies (mAbs) for identification: natural killer (NK) cells (CD161ϩ, TCRϪ; mAb 3.2.3/mAb R73); T-cytotoxic lymphocytes (CD8ϩ, TCRϩ; mAb Ox8/mAb R73); T-helper lymphocytes (CD4ϩ, TCRϩ; mAb W3/25/mAb R73). T-helper lymphocytes were further differentiated into two subsets, naive (CD45ϩ; mAb Ox22) and memory (CD45Ϫ), as well as B-cells (CD45ϩ, Ig chainϩ; mAb Ox12). A minimum of 1 ϫ 10 4 events was analyzed on a FACScalibur flow cytometer (Becton Dickinson, Heidelberg, Germany), gating on forward and side-scatter characteristics. All mAbs were purchased from Serotec (Düsseldorf, Germany).
Statistical analyses. An unpaired t test or oneway ANOVA with Fisher's post hoc test was used to examine statistical differences between the groups. Statistical significance was considered when p values were Յ0.05 or Յ0.01.
Results

Histological analysis
Histological analysis revealed that bilateral injections of excitotoxin into the IC, Am (NMDA), and VMH (KA) produced a loss of neurons and extensive gliosis in the target tissue (Fig. 2) . The IC-induced lesion was located mainly in the medial part of the AP axis of the IC, from the basal part of the parietal cortex to the inferior part of the rhinal sulcus. The NMDA-induced lesions in the IC produced damage to all cortical layers, shrinkage, and holes in the cortical tissue (Fig. 2a) . KA-induced lesions in the VMH were located mainly in the dorsomedial part of the VMH (Fig. 2b) . Lesions in the Am were located mainly in the basolateral nucleus of the Am (Fig. 2c) . Animals with inadequate lesions (i.e., lesions located outside the target area or with no apparent lesions) were discarded from further analyses. 
Brain lesion effects on cellular immune parameters
To differentiate whether the brain lesions affect the acquisition and/or evocation of the conditioned immunosuppression or whether the lesions per se cause potential effects on the immune response, we evaluated the distribution of the leukocyte subset population and T-lymphocyte proliferation in the spleen 11 and 27 d after excitotoxic lesions. These time points correspond to the acquisition (27 d from time point 1) and evocation (11 d from time point 2) phases on the conditioning protocol (Fig. 1) . When the proliferative capacity of splenocytes was tested, a differential effect on the brain areas under investigation was observed (Table  1) . The IC lesion did not influence the capacity of splenocytes to proliferate compared with control animals, neither 11 nor 27 d after lesion.
However, we observed a significant increase ( p Յ 0.05) in the proliferation capacity of splenocytes not before 27 d after lesioning of the VMH (acquisition phase). In contrast, a transient increase in the proliferative capacity of lymphocytes in the spleen was found 11 d after Am lesion (evocation phase), which returned to control values at 27 d after lesion (Table 1) . Total WBC counts performed 11 and 27 d after lesion revealed no significant changes in the number of WBCs after lesions of the IC, VMH, and Am when compared with sham-treated animals at any time point (Table 1) . Flow cytometry analysis showed that none of the brain lesions (IC, VMH, and Am) affect lymphocyte distribution either in the blood or in the spleen at both time points (data not shown).
Brain lesion effects on CTA Taste aversion behavior was analyzed in animals with brain lesions performed before conditioning (acquisition), revealing that IC lesions significantly abrogate the CTA ( p Յ 0.05). In contrast, animals with lesions of the VMH or the Am did not differ from controls in Sac consumption on the test trial (Fig. 3, left) . Analysis of the effects of the brain lesions at the memory stage of CTA (evocation) showed a similar pattern as in the learning stage: animals with IC lesions after acquisition did not develop CTA, whereas animals with lesions of the VMH and Am displayed a normal CTA like the sham-treated animals (Fig. 3, right) . The noncontingent conditioned, CsA-treated, and untreated groups showed a similar water intake at morning (10.5 Ϯ 2.5 g) and afternoon (12.5 Ϯ 2.5 g) drinking sessions (data not shown). A CTA extinction process was observed on the second and third evocation trials (days 22 and 23, respectively) for all conditioned groups. There was no session effect in any group related to the time at which the brain lesions were performed (time point 1, day Ϫ4 vs time point 2, day 12). On day 23, both IC-lesioned groups drank the Sac solution almost at 100% of water baseline (IC lesion time point 1, 98.8 Ϯ 7.5%; IC lesion time point 2, 102.8 Ϯ 12.5%). The Sac consumption on day 23 for the other conditioned groups was between 59 and 75% of water baseline consumption (data not shown).
Brain lesion effects on behavioral conditioned suppression of cellular immune function
In vitro proliferative capacity of spleen lymphocytes and cytokine production (IL-2 and IFN-␥) was analyzed in animals with brain lesions performed before and after acquisition. Lesions of the IC as well as the Am before acquisition completely abrogated the conditioned suppressive response measured as lymphocyte proliferation (Fig. 4a, left) and production of IL-2 (Fig. 4b, left) and IFN-␥ (Fig. 4c left) . In contrast, animals with lesions on the VMH did not differ from animals with sham lesions in their behaviorally conditioned immune response (Fig. 4a-c, left) . A different pattern was observed with brain lesions generated at the evocation stage of conditioned immunosuppression. IC as well as VMH lesions completely abrogated the behavioral conditioned suppression of spleen lymphocytes to proliferate (Fig. 4a, right) as well as the conditioned effects on IL-2 (Fig. 4b, right) and IFN-␥ (Fig. 4c, right) secretion. In contrast, lesions performed in the Am did not affect the recall of the conditioned immunosuppression (Fig. 4a-c, right) . The untreated control groups from all The WBC profile and the capacity of T-lymphocytes from the spleen to proliferate in response to mitogenic stimulation (1.25 g/ml concanavalin A) were analyzed at two time points after lesioning, corresponding to acquisition (27 d from time point 1) and evocation (11 d from time point 2) times. Data were analyzed using an unpaired Student's t test. The results are expressed as mean Ϯ SE. *p Յ 0.05 relative to the sham group at each structure and time point (n ϭ 4 for all groups). experiments showed similar proliferative capacity (IC lesion, 225.2 Ϯ 25.3; Am lesion, 215.6 Ϯ 18.9; VMH lesion, 239.1 Ϯ 38.3; ϫ10 3 cpm) as the noncontingent conditioned animals. Flow cytometry analysis showed that the brain lesions (IC, VMH, and Am) did not affect lymphocyte distribution in the blood nor in the spleen at both time points (data not shown).
Discussion
The ability of the CNS to modulate peripheral immune functions has been clearly demonstrated through classical conditioning paradigms (Ader and Cohen, 2000; Exton et al., 2001 ). However, not much is known about the central processes underlying behavioral conditioned changes in immune function. Thus, we decided to approach this issue by analyzing learning and memory processes of behavioral conditioned immunosuppression by using excitotoxic brain lesions before or after the acquisition phase. The current results reveal that different neural circuits process the behavioral and immunological components of the conditioned response. CTA was disrupted by IC lesions performed before and after acquisition, whereas Am and VMH lesions did not affect CTA. A different pattern was observed in the behavioral conditioned immune response, measured as the capacity of spleen T-lymphocytes to proliferate and to produce cytokines (IL-2 and IFN-␥). The IC was found to be essential to acquire and evoke the conditioned immune suppression, whereas the Am appeared necessary only for the acquisition of this associative learning. In contrast, the VMH lesion disrupted the conditioned immune response.
The present results confirm the essential role of the IC acquiring and retrieving CTA (Bermú dez-Rattoni and McGaugh, 1991; Cubero et al., 1999) . It has been postulated that the role of the IC within CTA should relate to the associative process rather than to just a sensing activity, because the integrity of the IC is not necessary for taste responsiveness or discrimination (Kiefer and Braun, 1977; Grill and Norgren, 1978) .
Although the Am receives several projections from gustatory and visceral brainstem structures (Ricardo and Koh, 1978; Wallace et al., 1989) , and a strong amgydalo-insula-cortical interaction has been demonstrated (Shi and Cassell, 1998) , the present data support early observations that lesions of the Am have essentially no disruptive effects on acquisition and evocation of CTA (Bermú dez-Rattoni and McGaugh, 1991; Galaverna et al., 1993; Schafe et al., 1998) . Finally, our results show that lesions of the VMH had essentially no effects on the acquisition and evocation of CTA, although this hypothalamic nucleus regulates feeding behavior; this is consistent with previous reports (Kramer et al., 1983; Yamamoto et al., 1995) . Additionally, with the exception of the IC-lesioned groups, all other conditioned groups displayed similar CTA extinction processes, indicating that the CTA strength was not affected by these brain lesions (Mikulka and Klein, 1980; Taylor and Boakes, 2002) .
Our well established model of behavioral conditioned immunosuppression (Exton et al., 2000b (Exton et al., , 2001 ) enabled us to analyze the role of the IC, Am, and VMH in the conditioned behavioral immune response. Excitotoxic brain lesions differentially affected the behavioral conditioned immunosuppressive response, measured as spleen lymphocyte proliferative capacity and cytokine (IL-2 and IFN-␥) production. The results demonstrate that the IC is necessary for the CS-UCS association and evocation (possibly as a storage site) of the conditioned immunosuppression. This is in agreement with previous observations showing that the IC is involved at the acquisition and at evocation times of the conditioned changes of antibody production (Ramírez-Amaya et al., 1996 Ramírez-Amaya and Bermú dezRattoni, 1999; Chen et al., 2004) .
Am lesions abrogate the conditioned immunosuppression when lesions were performed before CS-UCS pairing. This effect cannot be explained by the role of the Am in the gustatory input, because lesions of this structure did not affect CTA. Moreover, lesions performed after conditioning did not affect the conditioned immunosuppressive effects, excluding the possibility that Am lesions affect taste perception. The present results, together with the fact that the Am has several visceral afferent projections (Ricardo and Koh, 1978 ) that can be activated by different peripheral immune stimuli (Elmquist et al., 1993; Kusnecov et al., 1999; Pacheco-Ló pez et al., 2002) , indicate that the Am could mediate the immune-visceral input induced by the intraperitoneal CsA injection.
In contrast to the Am, VMH lesions affected the conditioned immune response only when it was performed after the acquisition time. It has been demonstrated that VMH lesions decrease Figure 4 . The effects of excitotoxic lesions on conditioned immunosuppresion were analyzed after the last evocation test (day 23) of three independent experiments, each one targeting one brain structure (IC, Am, or VMH). On the left is shown the effects of brain lesions performed before conditioning took place (Acquisition) and after on the right side (Evocation). a shows the capacity of T-lymphocytes from the spleen to proliferate in response to mitogenic stimulation (1.25 g/ml concanavalin A). b and c show the interleukin-2 and interferon-␥ levels from supernatant samples of the same cell cultures used for a. Dashed lines depict the mean value for CsA-treated groups, and white lines within gray boxes depict mean Ϯ SE of the noncontingent conditioned groups. Lesion, Excitotoxic lesion; sham, sham lesion. Data were analyzed using a one-way ANOVA, and post hoc analysis was done by Fisher's test. The results in bars are expressed as the mean Ϯ SE. *p Յ 0.05 relative to the groups below the line (n ϭ 8 for all groups).
NK cell activity in the spleen (Forni et al., 1983; Katafuchi et al., 1994) , and electrical stimulation of this hypothalamic nucleus reduces the capacity of lymphocytes in the spleen to proliferate (Okamoto et al., 1996) . We have previously demonstrated that behaviorally conditioned immunosuppression is merely mediated via neural innervation of the spleen, implicating an indispensable role of the sympathetic outflow at the evocation time (Exton et al., 1999 (Exton et al., , 2002 . Importantly, neuroanatomical and electrophysiological data indicate that the IC modulates sympathetic nervous activity (Oppenheimer et al., 1992) via obligatory synapses in the lateral hypothalamic area (LHA) Chen, 1990, 1992; Butcher and Cechetto, 1998) . Additionally, the fact that no direct projections have been reported from the IC to the VMH, together with the intrahypothalamic LHA-VMH reciprocal interactions reported (Luiten and Room, 1980; Ter Horst and Luiten, 1987) , indicate that at least one additional brain structure, potentially the LHA, could be involved in the efferent pathway of behavioral conditioned immunosuppression. It is important to mention that the histological analysis did not show the VMH lesions to affect surrounding hypothalamic nuclei (e.g., paraventricular hypothalamic nuclei, LHA). However, we cannot discard that lesioning the VMH could induce intrahypothalamic disruption, resulting in a neuroendocrine deregulation with its concomitant peripheral immune system effects (Webster et al., 2002) and thus partially affecting the present results.
Recently, a neocortical-immune axis as a neural efferent pathway has been proposed, giving additional support to the brain abilities to modulate peripheral immune functions (Moshel et al., 2005; Tuohy, 2005) . In this regard, we propose that the IC is one of the main neocortices with immunomodulatory capacities, with hypothalamic relays (VMH/LHA) and sympathetic peripheral mechanisms.
Neural pathways related to learning-memory formation are considered as plastic and dynamic networks and not as static wiring models, because feedback and feedforward interactions are known to exist in learning and specifically within the CTA circuitry (Katz et al., 2002; Lundy and Norgren, 2004) . Furthermore, a hedonic neural circuit independent from sensory processes seems to be modified during CTA formation (Yamamoto et al., 1994a; Grancha et al., 2002) . We observed that the brain structures studied are differentially involved in eliciting the behavioral and the immunological component of the conditioned response. Thus, we propose the existence of different neural circuits processing each modality of the conditioned response (behavioral vs immune). However, to unravel the complete neural circuitry in the context of behavioral conditioned immune changes, additional experiments are needed that target brain stem nuclei such as the NTS and the PBN, as well as the LHA.
To differentiate the effects of different lesions related to behavioral immune conditioning from potential effects on the immune response induced by the lesions per se, cellular immune parameters were assessed at two time points after lesioning, corresponding to acquisition (27 d from time point 1) and evocation (11 d from time point 2). These data demonstrate that IC lesions affect neither cellular immune responses nor the WBC profile. In contrast, a minimal but significant enhanced capacity of spleen lymphocytes to proliferate was observed 11 d after Am lesion and 27 d after VMH lesion. However, these time points do not correspond with the time points at which conditioned immunosuppression was abrogated (Am, 27 d; VMH, 11 d), demonstrating that the outcome of brain lesions observed in the conditioned animals represents specific conditioning effects. Furthermore, the effects of brain lesions on the conditioned inhibition of T-cell proliferation and cytokine production are not related to changes in the circulation of lymphocyte subsets. In addition, we have previously demonstrated that the behavioral conditioned immune response in the spleen is not dependent on changes in lymphocyte subset distribution (Exton et al., 2001) .
How, when, and where CsA, used in this model as an UCS, is detected by the CNS is still unknown. The main immunological effect of CsA is to inhibit the production of cytokines such as IL-2, ␥-IFN, IL-4, granulocyte-macrophage colony-stimulating factor, and tumor necrosis factor-␣ (Schumacher and Nordheim, 1992) , with its concomitant suppression of the T-lymphocyte capacity to proliferate. Therefore, it might be possible that CsA disrupts the peripheral cytokine homeostasis, which could be detected by the CNS immune-sensing capacities such as the vagus nerve, the NTS, or forebrain structures (Watkins et al., 1995; Goehler et al., 2000) . In addition, although under normal conditions CsA has not been reported to cross the blood-brain barrier Figure 5 . Conditioned immunosuppression model. The present results indicate that the IC may play an associative role being necessary to acquire and evoke the behavioral conditioned immune response. The Am seems to mediate the input of visceral information that is required at the acquisition time, whereas VMH lesions disrupt the brain to immune communication necessary to evoke the immunological conditioned response. At the acquisition time, there are two main possible afferent routes for the UCS (intraperitoneal CsA): indirect afferent route, the CsA may disrupt the peripheral cytokine homeostasis, which could be detected by the CNS immunesensing capacities (e.g., vagus nerve); direct afferent route, the CsA might reach the CNS through those brain areas with a weak BBB, like circumventricular organs, subsequently signaling to forebrain structures. At the evocation time, the neocortical-immune axis, with hypothalamic relays (VMH/LHA) and sympathetic peripheral mechanism, seems to be the efferent pathway through which the brain is able to modify peripheral immune functions. CR, Conditioned response; CVOs, circumventricular organs.
(BBB) during acute administration (Fahr, 1993) , direct effects on the hypothalamus and the pituitary have been reported (Stephanou et al., 1992; Esquifino et al., 1995; Wera et al., 1995; Chou and Fong, 1999; Ló pez-Calderó n et al., 1999) . Thus, CsA might reach the CNS through those brain areas with a weak BBB, like circumventricular organs, subsequently signaling to forebrain structures (Fig. 5 ). An additional systematic analysis will be necessary to elucidate the afferent pathway(s) and messenger(s) used by CsA to reach the brain.
In summary, our data reveal relevant neural mechanisms underlying the learning and memory processes of behavioral conditioned immunosuppression (Fig. 5) . The results demonstrate that IC lesions performed before and after acquisition disrupt the behavioral component of the conditioned response. In contrast, Am and VMH lesions do not affect CTA behavior. The behavioral conditioned immunosuppression was differentially affected by the excitotoxic lesions. Here, the IC may play an associative role being necessary to acquire and evoke the behavioral conditioned immune response. The Am seems to mediate the input of visceral information that is required at the acquisition time, whereas the VMH lesion seems to disrupt the brain to immune communication necessary to evoke the immunological conditioned response. The neocortical-immune axis, with hypothalamic relays (VMH/ LHA) and sympathetic peripheral mechanisms, seems to be the efferent pathway through which the brain is able to modify peripheral immune functions at the evocation time during behavioral immunoconditioning.
